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Abstract:The dairy cow's environment has a profound affect on her productivity; health; and longevity. Free-
stall surfaces are the number one factor that influence cow comfort. However; air quality is also important. 
Proper ventilation dries the barn in the winter and cools it in the summer. Barns and their equipment last longer 
if ventilation is adequate as surfaces remain dry. A proper ventilation system must be designed to avoid high 
humidity and drafts during the winter; and high temperatures and stagnant air during the summer. A properly 
designed ventilation and heating system will result in acceptable air quality and temperatures.  Technology 
should be adopted that has been proven to work in our climate. The cow's thermal environment is also affected 
by the group dynamics. Cow comfort and ventilation problems exist in many barns which lead to reduced 
efficiency; increased costs; and problems with cow health. An animal that has a comfortable resting area will be 
relieved of stress accumulating in their legs and feet. One of the keys to success in dairying is the details. 
To maintain good health and welfare and high levels of productivity; it is essential that dairy cows have 
enough time to lie down and rest. Good design of the lying areas for dairy cows is important to ensure that they 
have adequate rest. However; air quality is also important. Proper ventilation dries the barn in the winter and 
cools it in the summer. Barns and their equipment last longer if ventilation is adequate as surfaces remain dry.  
 
INTRODUCTION 
 
Dairy cows may be housed in facilities that are not ventilated properly; especially 
during either cold or hot weather. Cows spend greater than one-half of their time lying; 
therefore their sleeping areas must distribute their body mass uniformly so that their bony 
protrusions are not subjected to hard surfaces with resulting stressed joints. Average lying 
times ranged between 9;4 and 14;7 h per 24 h bat many dairy cows rest in uncomfortable 
stalls due to incorrect design of the free-stall barn. Floor design should provide good traction 
for the cows and facilitate effective manure removal. The ventilation system should provide 
fresh air to each animal space at acceptable air speeds for both cold and warm weather. The 
objective of this paper is to suggest ways to improve cow comfort during resting; and to 
provide an environment where the cow can maximize heat loss during hot weather and 
minimize heat loss during cold weather.  
 
Cow Comfort 
 
 Today; because of the demands of an extremely competitive dairy industry and the 
temperature; dairy cows must be housed during certain times of the year. It is imperative that 
the cow is housed in a comfortable environment to optimize production and reduce stress 
related problems. To minimize stress the cow should lie down as much as possible. Cows are 
designed to eat; lie down; eat; lie down; over and over again. If; cows stand simply because it 
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hurts when they lie down; or it is physically difficult to lie down; the pattern will be broken 
and she will not take that last mouthful of dry matter (DM).  
 If a cow limits her DM intake because of uncomfortable free-stalls the following 
consequences may occur:   
 
• Excessive weight loss will occur postpartum; particularly in first calf heifers. 
Excessive weight loss will lead to clinical and subclinical ketosis; reduced reproductive 
efficiency; rough looking hair coat; as well as reduced milk production. 
• Laminitis in cows can be caused by grain overload; poorly balanced rations; or 
it can be induced if cows are standing for excessive periods of time on concrete 
surfaces; and cows under long term stress will have reduced longevity.  
• These problems are very costly and are frequently blamed on the nutrition 
program. But in reality they can be due to cows standing for too many hours of the day. 
 
Evaluating Cow Comfort 
 
Ist very important to louk and to evaluate whether or not you have a free-stall problem. 
To evaluate whether your cows are comfortable; block off a three-hour period of time and go 
out to the barn during a period of time when the cows have been relatively undisturbed. Count 
the cows standing; lying down; and the cows eating. Compare that to the number of cows on 
pasture that would be standing for no particular reason. Very few physically sound cows stand 
on pasture for no reason. During October; 170 cows in a loose housing barn were observed 
during mid-morning. There were 15 cows eating; 8 standing for no apparent reason; and 147 
lying down. How do those numbers compare with your observations? Would you feel 
comfortable taking a nap in your free-stalls. If; after counting your cows you feel that there is 
a problem with cow comfort; the next step is to determine the cause of the problem.  
Cows must make several decisions prior to lying down; the decisions that we speculate 
the cows must make will give us an opportunity to evaluate where potential problems arise. 
Do they bang into anything? Are they hesitant or confident? Are any physical injuries 
occurring as they lie down? Stand in a typical free-stall and free fall to your knees. Is it a 
painful experience? Now watch cows in the process of standing. Do they do it with ease? Is 
there adequate lunge space? Do they bang into anything? Take a good look at the physical 
condition of your cows. If your cows have swollen knees; or swollen or abraded hocks then 
you have a free-stall problem. What about the rump and hooks area? Are there abscesses; or 
bumps and bruises? Upon completion of these simple tests you should have an idea whether 
or not your free-stalls require modification.  
 
Free-stalls 
 
Free-stall design must consider lying/standing space along with moving or dynamic 
space requirements of the cow (6). The two most important design criteria are bed surface and 
stall length. If designed correctly; cows will readily access their stalls (fig.1).  
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Figure 1.  The  space necessary to change the position  
 
If forward or sideways lunging space is inadequate; the ability to stand will become 
restricted. Ethological space must be included between the wall and the forward position 
during lunging. Also; if the dimensions of the free-stall are correct the position of the cow can 
be controlled. Figure 1 shows the mauvoment omponents and suggested dimensions.  
A recent study found that the length and width of 3000 cows varied 30 and 20 cm; 
respectively (15). This size variance suggests that all stalls cannot meet the size requirements 
of the dairy cow herd. Free-stall length should be based on animal dimensions since animal 
length is proportional to animal weight. The length must allow for forward lunging space. 
This means that a solid front must not interfere with the cow lunging forward (6). The brisket 
board positions the cow correctly in the stall; thus keeping the rear of the stall cleaner. It is 
easier to make a long stall shorter by moving the brisket board than to make a short stall 
longer.  
 
Figure 2.  Common free-stall dividers  
 
The stall width of 1.22 m is adequate for cow comfort and minimizing injuries. A lateral 
slope of 3 % across the width encourages cows to lie in the same direction; again reducing the 
chance of udder and teat injury from adjacent cows. A longitudinal slope of 2 -6 % is 
suggested to encourage the cows to rest toward the rear of the stall. Another design 
consideration is the rear curb. With curbs of 20 to 30 cm in height; manure overflow from 
alley scraping is minimized. The partition for free-stalls is also an important design 
consideration. They are available in a variety of shapes designed to guide the cow as she 
enters and exits the stall; provide protection; and allow good air recirculation in the immediate 
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vicinity of the cow. Both the Dutch cantilever and super comfort freestall dividers are 
excellent (fig. 2). These type of dividers can be used in short free-stalls to provide cows with 
the ability to lunge to the side rather than forward.  
 
Stall Bed Alternatives 
 
 The flooring material used for rest areas is very important for cow comfort. House et 
al. (10) cited research that free-stall surfaces had a profound effect on resting times. They 
found that the resting times on concrete; insulated concrete; rubber mat; straw on concrete 
(2"); and mattress were 7.2; 8.1; 9.8; 14.1 and 14.4 hours; respectively.  
This type of stall bed is gaining popularity especially in concrete free-stalls. The 
mattresses are made of a tough interwoven material and sewn into longitudinal segments. The 
segments are filled with an inert rubber material such as ground rubber (fig. 3). The individual 
mattresses; one per stall; are covered with one continuous top sheet. The cost to install these 
mattresses including labour is approximately $90 to $100 per stall. 
 
Fabric covered "mattress" stall bed 
 
The material is very resilient and appears to distribute the load; especially from bony 
protrusions; uniformly into the mattress. Rodenberg et al. (8) reported that where these 
mattresses were available no cows (0%) used the alleyways for resting and fewer hock 
injuries occurred (9.2%) compared to 1.1% (alley cats) and 29% (hock injuries) for rubber 
mats; respectively.  
 
 
Figure 3.  A commercially avilable mattress 
 
Usually a thin layer of dry bedding is spread over the fabric on a weekly basis to absorb 
moisture and reduce soiling (6). Bedding can consist of long straw; chopped straw; or kiln 
dried sawdust or shavings.  
The level of comfrot of both tie-stalss will dependent greatly on the type and quality of 
the floor surface in the stall.optimal stall surfaces should provide adequate thermal insulation; 
an appropriate degree of softness; appropriate degree of friction;o low risk of abrasion and 
should be easy to maintain and clean. However; when concrete is convered with bedding; 
lying times are similar to those seen with soft mats (Manninen). Various types of mats and 
mattresses; often alleged to improve cow comfort; are now availble to dairy procedures; but 
research has actually evaluated these products.       
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Cow Comfort and Floor Design 
 
Skid-resistant walking surfaces reduce injuries; and enhance estrus detection (1). 
Grooved floors are superior to smooth surfaces. Cows have been reported to walk from 180 to 2500 
m per day in confined housing; thus they are at a great risk of injury from smooth floors (15).  
The manure removal and collection system is related to cow comfort in that frequent 
removal results in better floor condition. Slotted or scraped alleyways can provide good floor 
condition for the cows. Infrequent floor cleaning leads to wet surfaces which in turn cause 
hooves to become softer and more foot related problems to develop. Also; wet concrete can 
be very abrasive to the hoof. Poor floor design results in animals being reluctant to walk from 
their resting area to the feed bunk. High stocking density or slippery flooring will discourage 
animal movement; especially by cows that are low in the social order dominance. Animals 
must not be forced to compete for restricted amounts of feed or limited bunk space (14). 
Lameness is probably the most serious disease affecting the of dairy cows kept in 
cubicle systems; with a prevalence of up to 20%. Because it impairs an essential behaviour; 
locomotion; the greater the distance that lame cows have to walk; in the management system; 
the greater impact on welfare. Speed of locomotion is reduced; so that if a herdsperson hurries 
the cows back to the farm building for milking; there is clearly a big impact on welfare. 
Much of lameness associated with cubicle housing derives form the cow walking on 
hard concrete covered in slurry. Cows in the stalls have far fewer problems to confere the 
priority for the dominant individual. It is promoted by both housing conditions and a high-
concentrate diet. A primary cause of claw horn lesions is the reduction in the supportive 
capacity of the connective tissue of the hoof wall around the of calving. This results in the 
pedal bone sinking and/or rotating putting great stress on the sole. If there are few external 
pressures on the hoof; for example when cows are housed in straw yards; hoof connective 
tissue integrity can recover within 12 weeks of calving. Primiparous cows are particularly at 
risk; because they are mixed with older cows and may increase locomotion in escape routines. 
One form of escape is to stand with the front lags in the cubicle and the hind legs in the 
passageway; which fur ther inneases the pressure on the latter. It is important to keep escape 
outes clea; for cows; especially by preventing blind alleys where subordinate cows may be 
trapped.        
 
Figure 4. Hoof aspects in various resting areas 
 
Cow Comfort and Ventilation 
 
A well ventilated animal space is important for both the dairy cow and the worker. A 
proper ventilation system must be designed to avoid high humidity and drafts during the 
winter; and high temperatures and stagnant air during the summer. An acceptable air quality 
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in terms of respirable dust; ammonia; manure gases; and disease organisms should be 
maintained throughout the animal space. High levels of respirable contaminants can lead to 
respiratory problems in cattle and man alike. Ventilation or air exchange can be provided 
naturally or mechanically. This system allows more daylight into the barn; is noise free; and is 
less expensive to build than a mechanically ventilated building. Naturally ventilated barns can 
either be "warm" or have a "modified environment". High relative humidities were observed 
in the modified environment barns; however; the indoor environment appeared to be excellent 
when the temperature was in the range of 0 to 5ºC (3). High humidity causes straw to pick up 
moisture at a faster rate thus resulting in more bedding maintenance. Equipment deterioration 
also occurs at a high humidity.  
  During the winter; air exchange is provided as a result of warm air rising through the 
ridge vents and entering through side wall openings (fig 5). During the summer; the wind 
force exchanges the air by means of side panel openings on the windward and leeward side of 
the building. Munroe (3) suggested that the thermostats for side curtain control be located 3 m 
from the outside walls to maintain acceptable temperature distribution throughout the 
building. Chimneys are now recommended rather than continuous ridge vents. They are 
cheaper to build; make the building more bird proof; and protect the metal truss connections 
from the ammonia and water vapor produced in the animal airspace. Vertical moving 
insulated panels are superior to rotating inlet panels for introducing air. Air mixing may be 
limited in wide buildings as the incoming air has insufficient energy to encourage good 
mixing of the fresh and the resident air. Variable speed ceiling mounted fans are very 
effective in mixing the animals' airspace. During the winter; low air speeds should be 
maintained to minimize serious drafts; whereas during the summer high air speeds will 
facilitate cooling of the animals.  
Exhaust fans and planned air inlets are used to provide air exchange in mechanically 
ventilated systems. Ventilation fans must provide a range of air flow rates (factor of 20) for 
winter and summer ventilation. Winter ventilation must be adequate to maintain acceptable air 
quality and reduce relative humidity. If ventilation rates are adjusted to maintain temperature 
during cold weather conditions; humidity and respirable dust level may rise to unacceptable 
levels. This will lead to building deterioration and exposure of cows to high levels of aerial 
contaminants. A minimum of 10 and 15 L/s/cow must be maintained at all times for a warm 
barn and a cold barn; respectively. Exhaust fans are normally evenly spaced on the leeward 
side of the building.  
 
 
  Figure 5.  Cross section of a naturally ventilated barn 
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Air inlet design is very important in maintaining a good distribution of fresh air into the 
animal airspace. During cold weather conditions; many dairy barns still use open doors; holes 
in walls; and manure access ports as fresh air inlets. These openings result in drafts that can 
stress the cows or result in non-usable space due to drafty areas. If drafts are occurring in your 
barn; you should contact an agricultural engineer to recommend changes to your existing 
barn. Poor air inlet design means that inlet openings are too small in some areas; or too large 
in other areas. This results in areas being stagnant as a result of introducing an inadequate 
amount of fresh air and results in areas being drafty due to excessive air being introduced. 
These two extreme conditions can occur even though the overall ventilation rate is as 
recommended. Forced air recirculation is recommended for mechanically ventilated barns 
since the fresh air entering through the planned inlets usually does not have sufficient velocity 
to encourage good air mixing. Because of the low ventilation requirement during winter 
conditions; most inlet openings cannot be made small enough to achieve appropriate air 
speeds. Again ceiling mounted fans or perforated recirculation ventilation tubes or ducts are 
effective in distributing fresh air throughout the barn. A properly designed ventilation and 
heating system will result in acceptable air quality and temperatures. This will reduce the 
exposure level of aerial contaminants to the cow and provide the cow with an acceptable rate 
of heat exchange between her body and the environment. Producers should be encouraged to 
buy complete ventilation systems rather than buying components and trying to design systems 
on their own (2). Technology should be adopted that has been proven to work in our climate. 
Barns that are designed well for ventilation; facility; and floor functionality are a pleasure to 
work in. A dreary; drafty; and smelly (high ammonia; relative humidity; and temperature 
combination) barn is only entered when deemed necessary. This is reflected in poor animal 
husbandry.  
Lighting requirements must not be overlooked. Suggested lighting intensity for housing 
is 10 to 30 lx. Light meters to evaluate your barn are available from your Regional 
Agricultural Engineer. Sixteen to eighteen hours of light is considered optimal as this 
photoperiod has been observed to increase feed intake and milk yield by 6 to 16% (9).  
Understanding cow energetics to improve cow comfort a cow produces about 1200W of 
heat energy. This level is dependent on feed intake and level of milk production. About 60% 
of this energy is a dry heat available for raising the ambient temperature. The remaining 
energy is in a latent form (vapor production through respiration) that does not raise the 
ambient temperature; but does increase relative humidity in the barn. As barn temperature 
drops the cow produces more dry heat and less latent heat. During the winter; the cows' dry 
heat evaporates moisture from wet surfaces and results in less dry heat being available to 
maintain room temperature. Also; dry heat is required to heat the additional ventilation air 
being introduced to remove the evaporated water. Supplemental heat may be required to 
maintain temperature and warm the additional fresh air required to maintain acceptable 
humidity levels. Maintaining dry flooring surfaces results in a substantial reduction in heating 
costs of the barn. A warm wet barn may be changed to a cool dry barn as the animal produces 
more dry heat at cooler temperatures and less water evaporates at cooler temperatures.  
Drafts must be minimized during winter to reduce the thermal demand of the 
surrounding environment on the cow. However; during summer increased air speed in the 
immediate vicinity of the cow can result in significant heat loss due to convection. Heat 
transfer due to convection can increase by a factor of eight from still air to moving air (10 
 232 
km/h). Free standing large diameter fans are very effective in increasing the heat dissipation 
rates from cows during warm weather conditions.  
Dairy barns should be designed so that the dairy cows can select an environment to 
match their level of energetics or heat production. Due to a large variation in milk production 
and feed intake; cows have different levels of heat stress during periods of warm weather. If 
there is no opportunity to seek a cooler environment; high producing cows will reduce their 
feed intake since they are unable to dissipate this energy to their surrounding environment. 
Free standing fans provide an opportunity for heat-stressed cows to dissipate their sensible 
heat. Perhaps high air speeds are necessary near the feed bunk during warm weather as dairy 
cows prefer to eat in cool areas (4). The mean daily temperature where heat stress becomes 
apparent is between 24 and 27ºC; depending on level of feed intake and milk production. The 
most practical way to evaluate heat stress is to monitor respiration rate. Greater than 40 
breathing cycles per minute indicates heat stress.  
The cow's thermal environment is also affected by the group dynamics. Large groups 
congregating around fountains; feed bunks; or improperly designed alleyways again lessen the 
opportunity for proper heat exchange between the animal and its environment. The air speed 
between the animals becomes negligible and animals may become heat stressed due to poor 
heat exchange even if the temperature in 90% of the barn is adequate. Therefore; barn design 
must take into account the cow movement between the sleeping area; feed bunk; and the 
waterers (4).  
During warm weather; dairy cows are often allowed access to an outdoor exercise yard. 
The solar heat load on dairy cows is often underestimated at this time. During the hot summer 
months; the solar load can approach 750 W/m2 of surface area. This represents a significant 
portion of the 1200 W produced by the animal. Natural shade or permanent shade structures 
should provide adequate space so that the animals don't crowd together. Feed and water must 
be close to the shade or cows will not leave the shade to eat or drink (5). If feed consumption 
drops when cows have access to an exercise yard; their time outside may have to be limited.  
Cow Comfort and Straw- Bedded Housing Recently; a return to straw-bedded housing 
has been observed. Several reasons may be responsible for this shift. Free-stall comfort is 
difficult to maintain. With the introduction of big round balers and bale shredders; the cost of 
bedding and labor to bed the barn becomes reasonable. A straw-bedded resting area requires 5 
to 7;2 m2 per head for milking cows on a continual basis. These systems are becoming more 
popular where straw is in abundant supply and cost effective. The floors in the resting area 
can be level or sloped. 
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